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Scalar glueball in a holographic model of QCD
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Summary.— I describe scalar glueballs in the soft wall model of holographic QCD
(AdS/QCD).
1. – Introduction
Recently, a lot of interest has grown around the possibility of applying string inspired
techniques to the non-perturbative regime of QCD. The starting point is the AdS/CFT
correspondence [1], a conjectured duality between a maximally supersymmetric strongly
coupled conformal field theory and the supergravity limit of type IIB string theory, which
involves theories different from QCD. Further developments [2] have tried to apply the
correspondence to QCD, induced by the evidence of the existence of a window of energy
in which QCD shows an approximate conformal behaviour [3]. These developments
have taken different directions. The framework through which I move here is the so-
called soft wall model of AdS/QCD [4], a phenomenological model originally built to
holographically describe chiral symmetry breaking and then adapted to several strong
interaction processes. For a list of other approaches the reader can refer to [5].
In the following, I discuss the scalar glueball sector and how the spectrum and the
two-point correlation function are represented in the soft wall model. Then, I comment
on the results, comparing them with current phenomenology and lattice data.
2. – Framework
The considered model is defined in a 5d curved space (the bulk) with metric:
ds2 = gMNdx
MdxN =
R2
z2
(
ηµνdx
µdxν + dz2
)
(1)
with ηµν = diag(−1,+1,+1,+1); R is the AdS curvature radius, and the coordinate z
runs in the range 0 ≤ z < +∞. QCD is supposed to live on the boundary z = 0, where
the element ηµνdx
µdxν describes a flat Minkowski space.
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In addition to the AdS metric, the model is characterized by the presence of a back-
ground dilaton field:
Φ(z) = (cz)2(2)
exponentially coupled to the fields, whose functional form is chosen in such a way to
have linear Regge trajectories for light vector mesons [4]; c is a dimensionful parameter
setting the scale of QCD quantities and it is of O(ΛQCD). It is the responsible of the
breaking of conformal symmetry and it is fixed by the experimental slope of the rho
mesons trajectory.
3. – Scalar glueballs
0++ glueballs can be described in QCD by the dimension four operator OS(x) =
Tr[β(αs)G
a µνGaµν ]. In the five dimensional theory its dual field is a massless scalar
Y (x, z) [6], whose action is given by:
S = − 1
2k
∫
d5x
√−g e−φgMN (∂MY )(∂NY )(3)
where k is a parameter introduced to give the correct dimension to the action. The
AdS/CFT dictionary states that this action is equivalent to the QCD partition function,
in which the source of OS(x) is the boundary value Y0(x) of the field Y (x, z). The
following relation can be written:
Y (x, z) =
∫
d4x′K(x− x′, z)Y0(x′) ,(4)
where the function K(x− x′, z) is called bulk-to-boundary propagator, since it links the
fields in the bulk with the sources on the boundary.
It is possible to obtain QCD correlation functions functionally deriving the action
(3) with respect to Y0(x). The two-point function obtained in this way is, in the limit
q2 → +∞ [7, 8]:
ΠAdS(q
2) =
R3
k
{
q4 · 1
8
[
2− 2γE + ln 4− ln(q2/ν2)
]
+
+q2
[
−ν
2
2
+
c2
4
(
1− 4γE + 2 ln 4− 2 ln(q2/ν2)
)]
+(5)
−5c
4
6
+
2c6
3q2
+O
(
1
q4
)}
,
to be compared with the QCD result [9]:
ΠQCD(q
2) = 2
(
β1
pi
)2(
αs
pi
)2
q4
(
− ln ( q2
ν2
)
+ 2− 1
ε′
)
+ 4β21
(αs
pi
)
〈C4〉
+8β21
(αs
pi
)2 〈C6〉
q2
+O
(
1
q4
)
.(6)
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Matching (5) with (6) (R
3
8k
= 2(β1/pi)
2(αs/pi)
2) one gets the fully analytic form of the
correlator. By casting it in the form:
ΠAdS(q
2) =
∞∑
n=0
f2n
q2 +m2n + iε
(7)
it is possible to find the polesm2n = 4c
2(n+2) and the related residues f2n = 〈0|OS(0)|n〉2 =
8R3c6
k
(n+1)(n+2), corresponding to the mass spectrum and the decay constants of the
scalar glueballs. The results for the lowest lying state are:
• M0++ = 1.089 GeV
• f0++ = 〈0|OS(0)|n = 0〉 = 0.763 GeV3 .
The 0++ glueball turns out to be heavier than the ρ meson, as expected by phenomenol-
ogy, but slightly lighter with respect to the results from lattice simulations [10].
Another point is that in the large q2 expansion there is a dimension two condensate,
absent in QCD since there are no ways to construct scalar local gauge invariant quantities
with that dimension [11].
Finally, the dimension four condensate 〈C4〉 turns out to be negative in this picture,
at odds with the commonly used value 〈(αs/pi)G2〉 ≃ 0.012 GeV4 [12].
A discussion on how to fix some of the problems exposed above can be found in [7, 13].
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